INTRODUCTION 59
Retinal degenerations represent the most common monogenic inherited cause of 60 blindness, and remain incurable (Birch 1999; Chang et al. 1994 ; Hansen et al. 2008) . 61
Among these, some of the most devastating are those causing rapid blindness from 62 birth or early childhood ( 
Tian 2004). 87
In rd1 mice, we previously demonstrated two striking alterations of retinal 88 ganglion cell signaling to the brain. First, ganglion cells exhibit hyperactivity, firing 89 spontaneously at rates many fold greater than normal. Second, for a brief period before 90 responses to stimulation with light disappear, OFF responses are preferentially 91 preserved compared with ON responses. Importantly, ganglion cell activity is normal 92 prior to an active period of synaptogenesis and circuit refinement that begins near the 93 time of eye opening (Stasheff 2008 ). Together, these findings suggest that significant 94 reorganization of inner retinal circuitry occurs during a critical period between ~P12-30. 95
To determine whether ganglion cell physiology is affected by the interaction of 96 retinal disease and early developmental plasticity, we studied changes in retinal 97 physiology in rd10 mice. The rd10 mouse carries a mutation in the same rod Pde6b 98 gene as rd1, yet measurable photoreceptor loss does not begin until ~P18. By this time 99 the most active period in developmental plasticity is drawing to a close (Wang et al. 100
1997; Wong 1999). 101
In this report we delineate the time course of changes in spontaneous and light-102 driven activity of rd10 ganglion cells, comparing these with our previous findings 103 (Stasheff 2008) as well as additional data on wt and rd1 ganglion cell activity, all on asampling hardware and software (Bionic Technologies, Inc., Salt Lake City, UT) for 143 recording and analyzing spike trains from each of the electrodes in the array. Digitized 144 data were streamed onto the computer's hard drive and further analyzed offline. After 145 transfer of the retina to the recording chamber, recordings were allowed to stabilize for 146 at least one hour (Stasheff 2008) . Data presented are from the first one to three hours 147 of recording, unless otherwise specified. 148
Visual stimulation 149
In experiments with light stimulation, a miniature computer monitor (Lucivid, 150
MicroBrightField, Colchester, VT) projected visual stimuli through a 5X objective, 151 focusing them onto the photoreceptor layer of the retina via standard microscope optics 152 (Zeiss Axioplan, Göttingen, Germany). Luminance was calibrated via commercial 153 software (VisionWorks, Vision Research Graphics, Durham, NH), using a radiometer 154 (PR-670, Photo Research, Chatsworth, CA) and photodiode (Hamamatsu S1133-11, 155
Hamamatsu City, Japan) placed in the tissue plane. 
Spike waveform analysis 160
Action potential (spike) waveforms accepted for further analysis were ≥ 60 161 microvolts in amplitude, and ≥ 1.85 times the RMS of the background signal. To 162 distinguish responses from different cells that might appear on the same electrode, a 163 component of the data acquisition software (Bionic Technologies, Inc., Salt Lake City, 164 UT) or a similar freeware (PowerNAP, Neuroshare,http://neuroshare.sourceforge.net/index.shtml ) was used for supervised automated 166 sorting of action potential profiles according to a principle components analysis (PCA) 167 paradigm (Wheeler 1999) . In cases where an optimal solution was not immediately 168 distinguished on this basis, the data initially was segregated into a greater number of 169 clusters than seemed the likely final solution. Inter-spike intervals (ISIs) and cross-170 correlation functions for the corresponding spike trains were analyzed to confirm 171 divided by the length of the recording period), instantaneous firing rate (inverse of inter-185 spike interval within bursts), burst duration and frequency (as inter-burst interval), and 186 percent of the entire recording period spent firing at > 1 Hz, or > 10 Hz. Here, a burst 187 was defined as a group of at least three spikes in which all inter-spike intervals were < 1second. In addition, the correlation coefficient (CI) was computed as described by 189
Wong et al (Wong et al. 1993 
Statistical analysis 205
Data from our previous study on rd1 ganglion cells (Stasheff 2008 Given their non-normal distribution, however, central values for many of these also were 211 expressed as medians and compared using the Wilcoxon-Mann-Whitney U-test. 212
RESULTS 215

Normal developmental retinal waves in rd10 ganglion cells 216
A well-recognized developmental pattern of retinal ganglion cell activity is the 217 correlated burst firing that migrates across multiple ganglion cells in waves during the 218 early postnatal period prior to eye opening (in mouse, up to ~postnatal day 12, P12) 219 as a function of distance between cell pairs (although these were statistically 229 distinguishable at short distances) ( Figure 1C ). Despite small statistically significant 230 differences (p < 0.05, Mann-Whitney U-test; see Table in online Supplementary 231 Materials) in some of these parameters, the similarity of all these parameters indicates 232 that rd10 ganglion cells, like rd1 cells (Stasheff 2008 ) exhibit normal spontaneous, 233 periodic wave-like inner retinal activity prior to eye opening. 234
At least three phases of retinal wave activity have been recognized during early 235 postnatal development of the retina (Firth et al. 2005) . To determine whether thesewaves retain normal spatiotemporal features during a later phase of their existence, we 237 also recorded from wt, rd1 and rd10 ganglion cells at P10-11 (see Table S2 and Figure  238 
S1 in online Supplementary Materials). Even though the primary neurotransmitter drive 239
for retinal waves (glutamate) is different at this age than at P7-8 (acetylcholine), the 240 pattern of waves among the strains was highly similar. Until after the eyes opened, 241
there was no sign of spontaneous hyperactivity such as described in the following 242
section. 243
Spontaneous hyperactivity in maturing rd10 ganglion cells 244
To determine whether hyperactivity similar to that seen in rd1 mice (Stasheff 245 2008) emerges in rd10 ganglion cells, and whether with a similar time course, we 246 examined the spontaneous activity of 2175 cells in 21 retinas from P14 (just after eye 247 opening) to P120. Figure 2 shows that spontaneous firing was more rapid in rd10 than 248 wt retinas at the earliest age examined (P14). Thereafter, spontaneous discharge rates 249 increased still further, peaking by P28 at rates higher than seen in rd1 ganglion cells 250 (Stasheff 2008 ) and remaining elevated well beyond that of wt cells through P120. This 251 may be seen in the sample raster plots of Figure 2A and in the comparison of mean 252 firing rates (+/-SEM) for wt, rd10 and rd1 ganglion cells across age groups in Figure 2B . 253
Closer inspection reveals a shift in the distribution of firing rates within the ganglion cell 254 population, favoring a greater proportion of cells with higher frequency firing (Figure 3) . 255
Note that spontaneous activity is greater among rd10 than rd1 ganglion cells even at 256 stages where photoreceptor degeneration is less advanced both histologically 257 
Delayed decay of rd10 light-evoked responses 277
While spontaneous hyperactivity begins to emerge in rd10 ganglion cells shortly 278 after eye opening, the responses of these cells to full field flash illumination do not begin 279 to decay (relative to those of wt cells) until several weeks later. This deterioration thus 280 is of later onset, and also proceeds more slowly, than in rd1 mice ( 
Normal retinal waves in immature rd10 retinas 320
We find that the genetic defect in phototransduction in rd10 mice does not 321 substantially affect the early development of spontaneous waves of correlated firing in 322 the inner retina; rd1 and rd10 waves have highly similar spatiotemporal dynamics to 323 those of wildtype (wt). This is true when the primary drive for the waves is either 324 cholinergic (P7-8) or glutamatergic neurotransmission (P10-11) (Blankenship et al. 
Temporal dissociation between hyperactivity and loss of light responsiveness 336
The parallel acceleration of spontaneous activity and diminution of light-evoked 337 responses in rd1 had suggested that these two changes are related mechanistically 338 The fact that in both rd1 and rd10, spontaneous activity is normal shortly before 343 eye opening, then supranormal just after it, suggests that developmental events may 344 initiate hyperactivity within outer retinal circuits -photoreceptors, horizontal or bipolar 345 cells -prior to a critical period of neural plasticity in the inner retina. Excessive signals 346 would then be transmitted to the inner retina only after synapses form between bipolar, 347 amacrine and ganglion cells. 348
Preservation of light-evoked responses and role of developmental plasticity. 349
Following simple full field stimulation with light, we recorded a number of readily 350 recognizable broad categories of rd10 ganglion cell response types. We do not propose 351 these response groups as a classification scheme (cf. Blankenship rd1, yet a similar degree of hyperactivity at the same age in both strains. 378
Implications for treatment of retinal degenerations 379
The finding that retinal output to the brain is initially normal in photoreceptor 380 degeneration encourages the development of treatments to sustain such normal 381 activity. The rapid appearance of markedly aberrant spontaneous activity shortly 382 thereafter also suggests that to be maximally effective, treatments may need to be 383 Although these concepts are speculative at this point, they do suggest directions 410 for future studies, and that it would be worth exploring the role of developmental neural 411 plasticity in other neurodegenerative diseases. Clearly we will need to understand in 412 much greater detail the interaction between developmental plasticity and degenerative 413 mechanisms in these blinding diseases, before we can translate such knowledge into 414 real advances toward effective treatment. 415
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